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Introduction
In the RAN1 #98b meeting, the synchronization mechanism of NR-V2X was discussed and the following agreements were agreed [1]:
Agreements:
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.

Agreements:
· The following fields with “green” background are agreed
	PSBCH contents
	Number of bits
	Notes

	DFN
	
	

	Indication of TDD configuration
	
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	SL-BWP information
	
	

	In-coverage indicator
	
	

	Type of sync source
	
	

	Slot index within a subframe
	
	

	???
	
	

	CRC
	24
	

	Total bits
	
	



Agreements:
· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL
· FFS SSIDs used for each priority
· FFS other potential impacts due to P3/P4/P5
· FFS whether there is an issue with prioritization among references of the same priority
Send an LS to RAN2 regarding the above – Teng (CATT), R1-1911710, which is approved (by adding cc-ing to RAN4) with final LS in R1-1911718

Agreements:
672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set id_net {0, 1, …, 335}
· Set id_oon{336, 337, 338, …, 671}
· The usage of 0 is the same as 0 as in LTE
· The usage of 336 is the same as 168 as in LTE
· The usage of 337 is the same as 169 as in LTE

Agreements:
· Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.

The following was agreed by email discussion:
Agreements:
           PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
o   DM-RS RE mapping
–       Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
o   Same DM-RS sequence generation with NR Uu PBCH
–       length-31 Gold sequence with QPSK modulation
o   FFS DM-RS RE position shift in frequency domain
o   FFS the number of PSBCH symbols that contain DM-RS

In this contribution, we continue discussing the detailed design of NR-V2X synchronization. 
Discussion
1.1 Synchronization priority between eNB and gNB
The sync priority was discussed in RAN1 AH#1901, and the following agreements were achieved [2].
Agreements:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority

The priority between eNB and gNB needs to be further studied. During the email discussion after RAN1 #98 meeting, the following agreements about sync priority were acheieved.
Agreements:
· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•                 P0: GNSS
•                 P1: UE directly synchronized to GNSS
•                 P2: UE indirectly synchronized to GNSS
•                 P3: gNB/eNB
•                 P4: UE directly synchronized to gNB/eNB
•                 P5: UE indirectly synchronized to gNB/eNB
•                 P6: the remaining UEs have the lowest priority.
	•                 P0’: gNB/eNB
•                 P1’: UE directly synchronized to gNB/eNB 
•                 P2’: UE indirectly synchronized to gNB/eNB 
•                 P3’: GNSS 
•                 P4’: UE directly synchronized to GNSS 
•                 P5’: UE indirectly synchronized to GNSS
•                 P6’: the remaining UEs have the lowest priority. 


· When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2.

Within the above agreement, eNB and gNB are set as the same priority, which implies that eNB and gNB have the same priority. Then we can explicitly confirm the common understanding.
Proposal 1: eNB and gNB have the same synchronization priority in NR-V2X.
1.2 Differentiate synchronization source between eNB and gNB
In NR-V2X, both eNB and gNB can be synchronization source. For both cases, the S-SSB structure are the same, which was agreed in RAN1 #98 meeting [3]. If gNB is taken as the synchronization source, the corresponding PSBCH contents should be generated by gNB configuration, such as PSBCH includes: DFN, indication of TDD configutation, in-coverage indicator, and BWP related information (under discussion). While if eNB is taken as the synchronization source, the corresponding PSBCH contents should be generated by eNB configuration, such as PSBCH includes: DFN, system bandwidth, TDD-UL-DL configuration, in coverage indicator, subframe index, etc. To decode PSBCH correctly, a UE needs to differentiate the synchronization source between eNB and gNB when it receives an S-SSB. 
The S-SSB structures from eNB and gNB are same, it cannot be used to differentiate the synchronization source between eNB and gNB. If the SSID used for S-SSB is within the set {336,337,…671}, it can be used to differentiate gNB since only SSID set {0,1,…335} can be used for eNB. On the other hand, if the SSID set is within the set {0,1,…335}, new method to differentiate eNB and gNB is needed. 1 reserve bit in PSBCH can be used. 
Proposal 2: 1 reserved bit in PSBCH is used to differentiate synchronization source between eNB and gNB. 
1.3 Synchronization resource 
In LTE-V2X, Two or three synchronization resource is pre-configured for out of coverage (OOC), one of which is used for the UE to transmit SLSS which is synchronized to GNSS directly. For in coverage (IC), the same synchronization resource as pre-configuration should be configured by eNB to promise the resource within a resource pool is the same for IC and OOC. For NR-V2X, the same synchronization resource configuration mechanism as LTE-V2X can be applied unless additional issue addressed. 
Proposal 3: The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X.
It was agreed that 160ms was taken as the S-SSB period for all SCS. Considering different SCS, the number of S-SSB transmissions within one S-SSB period is different. For example, 1 S-SSB transmission for 15k Hz, 1 or 2 S-SSB transmissions for 30k Hz, and 1 or 2 or 4 S-SSB transmissions for 60k Hz in FR1. If multiple S-SSB transmissions are adjacent in physical slots, that will cause additional latency. Then evenly distribution of multiple S-SSB transmission within one S-SSB period is preferred. 
Proposal 4: Multiple S-SSB transmissions are evenly distributed within one S-SSB period. 
1.4 Synchronization procedure 
Generally, the synchronization procedure of LTE-V2X can be applied to NR-V2X. Before data transmission, UE needs to search for synchronization reference to obtain the reference transmission timing. If multiple synchronization reference with different priority are available, the synchronization reference with the highest priority will be selected as the synchronization reference. If multiple synchronization references having the same priority are detected, the synchronization reference with highest energy is selected. Then the UE will transmit S-SSB, whose synchronization priority and PSBCH contents are derived from the selected synchronization reference, using one of the synchronization resources. Multiple UEs transmit S-SSB on the same synchronization resource in SFN mode.  
For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on measurement. For example, gNB can configure which UE to transmit S-SSB. Or UE does the measurement and compares it with a (pre-)configured threshold. If lower than the threshold, the UE can transmit S-SSB, otherwise not. 
Proposal 5: The following LTE-V2X synchronization procedure can be applied to NR-V2X
· The synchronization reference with the highest priority is selected as the synchronization reference.
· For synchronization reference with the same synchronization priority, the synchronization reference with highest energy is selected.
· The contents of S-SSB is derived from either synchronization reference or pre-configuration.
· S-SSB is transmitted in SFN mode.
· For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on RSRP measurement. 
1.5 PSBCH contents
It was agreed that indication of TDD configuration is included in NR-V2X PSBCH. In LTE-V2X, there are only 7 TDD configurations. While in NR system, the slot format is flexible and there is DL, UL and flexible symbols per slot. There are several ways to configure the slot format in NR Uu: Cell-specific RRC configuration, UE-specific RRC configuration, Dynamic SFI. Considering the DL or UL symbols which are configured by cell-specific RRC signaling cannot be changed to other directions, the interference from OOC UE to in coverage DL transmission can be avoided if SL transmission only limit to UL symbols.  
Proposal 6: The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.
The cell-specific slot format configuration of Rel-15 NR Uu system includes the following information elements [4].
TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                       OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                               OPTIONAL -- Need R
    ]]
}

maxNrofSlots                            INTEGER ::= 320     -- Maximum number of slots in a 10 ms period
maxNrofSymbols-1                        INTEGER ::= 13      -- Maximum index identifying a symbol within a slot (14 symbols, indexed from 0..13)
SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1}


The number of bits for per information elements are: 
SubcarrierSpacing: 3 bits
dl-UL-TransmissionPeriodicity: 3 bits
nrofDownlinkSlots: 9 bits
nrofDownlinkSymbols: 4 bits
nrofUplinkSlots: 9 bits
nrofUplinkSymbols: 4 bits
dl-UL-TransmissionPeriodicity-v1530: 1 bit
If the network configure pattern 1 and pattern 2 simultaneous, the total number of bits for cell-specific slot format configuration is 63 bits, which is too large to be carried in PSBCH. To reduce the required number of bits for cell-specific slot format, the following methods can be considered.
· Only pattern 1 is configured, pattern 2 is not configured
· Only the information elements related to UL symbols is included in PSBCH, such as nrofUplinkSlots and nrofUplinkSymbols
Proposal 7: To reduce payload size that is needed for cell-specific slot format configuration in PSBCH, only UL related configuration can be carried in PSBCH.
For OOC scenario, resource pool is (pre-)configured, and all of the symbols within a slot can be used for SL transmission. For IC scenario, only partial symbols, such as UL symbols, can be used for SL transmission. For partial coverage scenario, UE needs to receive SL transmission from both IC and OOC UEs. Because of starting symbols from IC UE and OOC UE are not aligned, that will cause AGC issue at RX UE. Based on the slot format configuration in PSBCH, the OOC UE cannot derive the starting symbol of SL transmission. For example, the slot format configuration indicates there are 7 symbols within a slot, while the starting symbol of SL transmission can be the 8th symbol, or 10th symbol, which depends on the RP configuration. If IC UE can transmit the RP configuration to OOC UE, it can facilitate the OOC UE to determine the starting symbol of SL transmission and do proper AGC.
Proposal 8: IC UE should transmit RP related configuration to OOC UEs.
While considering the signaling overhead of the RP related configuration, it is not possible to carry it in PSBCH. To simplify the specification work, only full UL slot can be used for SL transmission in Rel-16 NR-V2X.
Proposal 9: Rel-16 NR-V2X supports only full UL slot used for SL transmission in shared carrier. 
Conclusion
In this contribution, the synchronization mechanism of NR-V2X is discussed. The following proposals are given.
Proposal 1: eNB and gNB have the same synchronization priority in NR-V2X.
Proposal 2: 1 reserved bit in PSBCH is used to differentiate synchronization source between eNB and gNB. 
Proposal 3: The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X.
Proposal 4: Multiple S-SSB transmissions are evenly distributed within one S-SSB period. 
Proposal 5: The following LTE-V2X synchronization procedure can be applied to NR-V2X
· The synchronization reference with the highest priority is selected as the synchronization reference.
· For synchronization reference with the same synchronization priority, the synchronization reference with highest energy is selected.
· The contents of S-SSB is derived from either synchronization reference or pre-configuration.
· S-SSB is transmitted in SFN mode.
· For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on RSRP measurement. 
Proposal 6: The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.
Proposal 7: To reduce payload size that is needed for cell-specific slot format configuration in PSBCH, only UL related configuration can be carried in PSBCH.
Proposal 8: IC UE should transmit RP related configuration to OOC UEs.
Proposal 9: Rel-16 NR-V2X supports only full UL slot used for SL transmission in shared carrier. 
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